Managing waste is becoming more challenging than ever with the rate of increase of the global population and industrialization. The need for an optimal waste management system, offering added value to the population and industrial growth, is of utmost importance with the increase in energy and food demand, particularly that for organically grown food. In this study, waste generated by Universiti Teknologi Malaysia (UTM) was taken as a case study. The waste was converted to electricity and compost for use on farmland and the environmental effect of both processes was determined by Life Cycle Assessment (LCA) approach using GaBi™ software. The impacts analyzed were based on the level of emissions from each process. During the comparison, it was found that, if the waste generated by the UTM were used to generate electricity, the outcome would be a reduced emissions profile throughout the cycle as compared to using the waste as compost. However, the saving in emissions from indirect inputs was not considered for the purpose of this study.
Introduction
Solid waste generation is related to industrialization and population growth, and in 2010 global waste generation increased much more than in the previous ten years alongside the population increase. A study in 2010 estimated an increase of about 3 billion residents, generating 1.3 billion tons of municipal solid waste (MSW) per year at a per capita rate of about 1.2 kg per person per day. The report also forecast an increase in the total number of residents and the amount of solid waste generated by 2025 to 4.3 billion urban residents at a per capita waste of 1.42 kg/day of MSW [1] .
MSW comprises various constituents in different proportions and compositions, which makes it difficult to manage. This variability makes solid waste a global contributor to environmental emissions in terms of greenhouse gases (GHGs) on disposal. To reduce the production of GHG, safe and economical ways to dispose of MSW have to be in place. The waste hierarchy, as shown in Figure 1 , is a guide to solid waste management from the least to the most preferred method of disposal [2] . From Fig. 1 , the preferred method of waste management is to stop waste generation, which is impractical, and the least preferred is to dispose of the waste through landfill. Landfill is the oldest, most adopted and preferred method used in most countries to get rid of generated waste [3] . The waste when dumped in landfill is compacted and covered to properly conserve it from water ingression, therefore saving the life of the landfill and reducing the risk of leach ate formation from the landfill [4] . The most common products of emissions from waste in terms of GHGs are principally methane and carbon dioxide (CH 4 and CO 2 ) [5] .
Recovery from solid waste, in term of energy or material recovery, is at the bottom of the waste management hierarchy [6] . Composting is a form of resource recovery from solid waste, the product of this recovery process (manure) is applied to agricultural soils. The process of composting solid waste is gaining support globally, especially with the recent rise in global demand for organically grown foods and growing opposition to electricity generation from solid waste. Despite the stiff opposition to energy recovery from solid waste due to the fear of environmental effects, the recent advances in technology have shown that it is a viable alternative to landfill. The aim of this paper is to compare two forms of resource recovery from waste, namely composting and energy recovery in terms of electricity. An LCA approach was used for this study and all LCA models and simulations were performed using GaBi™ 5 software. The results were based on the output of the LCA, and are presented in tables and figures and then discussed and analyzed based on the level of environmental emissions for each method of recovery. In terms of emissions to the environment, according to a study to identify the impacts of renewable energy [7] , it was discovered that for every ton of MSW there is 1,100 Kg/kWh of CO 2 emissions while 1,833 g/kWh of CO 2 is released in any conventional generation system. Further analysis revealed that, in any waste to energy (WtE) conversion, only 20-40% of the carbon content is from fossil sources like plastics, which are considered nonrenewable, while the rest comes from non-fossil sources, mostly organic considered to be renewable. The total CO 2 emissions from the non-renewable element per kWh are thus 367 g and this is just about 20% of the total emissions per kWh [7] . Figure 2 shows the comparison of solid waste and other non-renewable sources of energy in the production of 1 kWh of electricity. 
Material and methods
This study was carried out in two phases: phase one sampling and phase two LCA. The composition of waste generated was determined in the sampling process, and the grave-to-grave life cycle assessment approach was adapted for the LCA. All models created were based on the general principles of the ISO 14000 standards [8, 9] .
Sampling
The first step towards a successful study on waste is to have accurate and representative waste data [10] ; this can be achieved by sampling. The steps used for this study were based on the California Integrated Waste Management Board (CIWMB) guidelines. The modified data collection methodology of the CIWMB used for the study is as follows:
Step 1: Select approach
Step 2: Consider health and safety
Step 3: Collect representative data Step 4: Analyze data All samples were hand sorted after mixing the waste stream to get a representative sample. The sorting was done based on physical appearance [11, 12, 13] and classified into seven (7) categories; plastics, paper, glass, metal, food/organics and others.
The sampling approach used is the generator sampling technique, which is based on the minimum sample size required to determine a nonparametric (distribution-free) one-sided confidence bound on a percentile [14, 15] as in Equation (1). (1) where α is probability of a type I error, p for proportion of the waste that must comply with the standard, and n is number of samples. Alternatively, the equation can be rearranged so that statistical performance (1−α) can be determined for a fixed number of samples. (2) For this study, the number of samples required to have a confidence of 80%, that is, (1−α) = 80% is seven (7. Grams chosen as sampling points so that the confidence level could be improved based on Equation (2) . The summary of the results from the sampling process is shown in Table 1 . 
Life-cycle assessment (LCA)
An LCA is also known as life-cycle analysis, eco-balance, and cradle-to-grave analysis [16] . LCA is a technique used to assess the environmental impacts associated with all stages of a product's life from-cradle-to-grave, grave-tograve or cradle-to-cradle [17, 18] . LCAs can help avoid a narrow outlook on environmental concerns by [9] :
Compiling an inventory of relevant energy and material inputs and environmental releases; Evaluating the potential impacts associated with identified inputs and releases; Interpreting the results to help one make a more informed decision [16] .
Apart from LCA there are other tools that are used in impact assessment, for example statutory impact assessment. However, LCA differs by taking into account issues not addressed by other environmental management tools, such as choosing the least burdensome option when assessing environmental burdens associated with products or processes [19] . LCAs have been used in many studies as an environmental tool for comparative assessment of waste disposal options or management scenarios. LCA tools have a wide range of applications as a decision making tool or bench marking tool, and in product management or in new product development [20] [21] [22] [23] [24] .
In this study, we have created LCA models to perform simulations of the environmental impact of solid waste when put to different uses (energy recovery and composting). In these simulations, the total waste generated by the UTM community was considered as the functional unit. For this study, emissions to air, industrial soil, fresh water, seawater, deposited goods and useful products are the parameters being considered. The definition of the following terms is important in any LCA.
a) Functional unit
Functional unit in an LCA refers to the quantified definition of the function of a product. For this study, the functional unit defined for both cases is the yearly-generated waste for 2011 (3520.42 tons/yr) and was used throughout the modeling and simulation.
b) Boundary
The definition of the boundary is another important element in LCA modeling. Boundaries define all the processes to be considered or not to be considered as part of the LCA process. For the purpose of this study, the boundary consists of waste collection, transportation, resource recovery and landfill as shown in Fig. 3 .
c) Outputs
The monitored outputs for this study, as shown in Figure 3 , are; emissions to air, emissions to fresh water, emissions to industrial soil, deposited goods and emissions to agricultural and industrial soils.
Models and scenario formulation
The approach used for the LCA in this study is the grave-to-grave or gate-to-gate. The grave-to-grave approach is where all the inputs to the flows are as a result of human activities and the outputs are disposed of to the environment with or without human intervention [25] ; this approach does not involve upstream processes or raw materials extraction and processing [26, 27] . LCA consist of three interdependent stages as shown in Figure 3 . From the figure, the inputs are the respective tonnages of the waste components as obtained from the sampling results; the output consists of emissions such as GHGs, deposited goods and useful products if available. The system/boundary consists of all the processes involved (transportation, WtE facility, composting, landfill, etc.). Another important term in this study is the functional unit which is the total waste generated for the year 2011 (3,025.42 tons). The functional unit can further be broken down into its components (paper, plastics, organic, metal, glass and other waste categories). Another input required for the LCA is heat, which was estimated in heat value calculation and the result is as shown in Table 2 When creating an LCA, the functional unit, boundary and outputs have to be determined as explained earlier in Section 2.4. After the identification of these parameters, two scenarios were created, 1) all combustibles in the waste stream both fossil and non-fossil were sorted and converted into energy through a process of WtE conversion; the rest of the wastes in the stream were taken to the landfill. 2) all organic components of the waste stream were sorted and taken to a composting facility. The remaining wastes were taken to landfill. In both scenarios, only one recovery method or activity was assumed. Based on the two scenarios, LCA models were generated from the following parameters.
a) The functional unit is the daily waste generation for UTM; this is similar for all scenarios under study (energy recovery and composting). The functional unit is as shown in Table 1 .
b) In modeling the boundaries, sorting, mode of transportation, recovery and landfill were the major parameters considered. Most of these parameters are contained in the database of the modeling software and were modified for the intended purpose of the study.
c) Outputs consist of emissions, useful products and wasted heat.
Results and discussion
The results from the simulation of the waste are presented based on the monitored impact. These impacts are; deposited goods, emissions to air, to fresh water and to sea water, and emissions to agricultural and industrial soils. The results are presented in the form of tables and figures for each of the monitored impacts. Table 3 is the summary result for both the energy recovery and composting cases under different impact categories. 
Deposited goods
These are the amounts of goods remaining in the landfill after the landfill period and are in the form of radioactive or stockpiled goods. As shown in Table 3 , the output results for deposited goods in both the energy recovery and composting cases. This is not of interest for this study so it will not be discussed here since its concern is landfill utilization.
Emissions to air
This is the amount of emissions released by the activities involved in the two cases. It is broken down into emissions to air in terms of heavy metals emissions, inorganic emissions, organic emissions, other emissions, particle emissions and radioactive emissions. Table 4 shows the results obtained from the simulation. From Table 4 above, it can be seen that the emissions to air are mostly due to inorganic substances that are very difficult to break down during the periods of landfill and other processes. The emissions in the energy recovery case are less than those of the composting case. For the two cases, heavy metal, particles, and radioactive emissions are zero, which means very little impact. But the inorganic emissions are very high for the composting case with a ratio of about 1 to 19. This can be attributed to the fact that most inorganic waste was sent to landfill in the case of composting without undergoing any processing, while for energy recovery most of the inorganic waste was used in energy generation. Table 5 shows the result obtained from simulations for emission to fresh water. From the table, it can be seen that the compost case is more radioactive in fresh water than the energy recovery case. As can be observed, the inorganic emissions to fresh water in the energy recovery case are far less than those of the composting case. In the recovery case, it takes time, for the residues deposited are nearly inert with little or no inorganic material taken to landfill in this case. 
Emission to fresh water

Emissions to sea water
This result evaluates the impact on sea water from both cases. Table 6 shows the obtained simulation results for emission to sea water. As can be seen from the table, the impact on sea water from the cases is less than that to fresh water because waste from landfill mostly affects underground water. Table 7 shows there are little or no emissions into both agricultural and industrial soils. From the results generated it can be seen that both cases have less impact in terms of emissions to soils but have impacts due to the emissions to water and air; the emissions to air can have a consequence with respect to global warming and also the acidification of rain, which can affect plants and other organisms. The effect of inorganic emissions is enormous because they contain some metals that cannot be decomposed or other inorganic compounds hard to break down by ordinary decomposition from microorganisms. If these compounds are found in water it can cause harm to the animals in the water and to human beings. 
Emissions to soils
Conclusion
The results from the simulation, sought to compare the impact of energy recovery on composting cases in harnessing resource recovery from solid waste from the case study in UTM, show that resource recovery is less of a burden to the environment, agriculture, vegetation, aquatic life and human health. However, other benefits from both cases were not considered in the course of this simulation and analysis. These benefits include;
The avoidance of CO 2 from conventional methods of electricity generation. The contribution of CO 2 in indirect form through the production of fertilizers that were replaced by the manure compost generated from the waste. The emissions arising from the transportation of manure from the facility to the farm because the farm is considered to be close to the composting facility.
From the simulation results, the monitored impact as energy for deposited goods, emissions to air, to fresh water and to sea water, and emissions to agricultural and industrial soils are 515 kg, 166 kg, 59.6 kg, 0.79 kg, <0, and <0, respectively.
